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(57) An ultrasonic probe in which two-dimensional 
array transducer elements are arrayed convexly both in 
one direction of the two-dimensional array and in the di- 
rection perpendicular to the former direction relative to 
the direction where an ultrasonic wave is transmitted. 
By switching a transducer element selecting switch cir- 
cuit provided near the transducer elements, the shape 
of the diameter of the probe for transmitting and receiv- 
ing of ultrasound and the position of the diameter are 
arbitrarily determined. An ultrasonic diagnostic appara- 
tus in which a fresnel ring is formed as an diameter by 
a control signal to a transducer element selecting switch 
circuit, the number of cables for connection between the 
probe and the main body is decreased by bundling the 
transducer elements in one ring and effecting the con- 
nection, the fresnel ring is moved every ultrasonic trans- 
mission/reception cycle by .the control signal to the 
transducer element selection switching circuit, and an 
object is three-dimensionally scanned with an ultrasonic 
beam. 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to an apparatus for scan- 
ning an object to be examined three-dimensionally with 
an ultrasonic beam, particularly to an ultrasonic two-di- 
mensional array probe being capable of scanning the 
object three-dimensionally with an ultrasonic beam by 
an electronic control and an ultrasonic diagnostic appa- 
ratus comprising it. 

BACKGROUND OF THE ART 

[0002] Recently an ultrasonic diagnostic apparatus 
was developed that transmits and receives an ultrasonic 
beam with an ultrasonic probe, scans the object three- 
dimensionally, corrects three-dimensional data from the 
object, and makes a three-dimensional image for diag- 
nosis. In the first example of such an apparatus, the 
three-dimensional image data is corrected by moving an 
ultrasonic probe with a plurality of transducer elements 
arranged in one direction parallel and mechanically on 
the surface of an object. The scanning is performed from 
side to side by inclining consecutively a contact angle 
of the probe to the object without changing the contact 
position between the probe and the object. 
[0003] In addition, in a second example, a 2D-array 
ultrasonic probe is composed with 64x64 elements ar- 
rayed two-dimensionally. An ultrasonic beam with gimlet 
shape is transmitted and received in or from the interior 
of the object by using specified transducers fixedly se- 
lected in the 2D arrangement, and a three-dimensional 
image data from the object to be examined is corrected. 
In addition, the two-dimensional probe is a probe whose 
arrangement of elements is expanded from one direc- 
tion to two directions. For example it is disclosed in Ul- 
trasonic Imaging 14, 213-233 (1992); IEEE Trans. 
UFFC 38, 100-108(1991). 

[0004] However, the disadvantage of the traditional 
ultrasonic diagnostic apparatus is that the ultrasonic 
probe and the ultrasonic diagnostic apparatus have to 
be large and heavy because a driving system for the 
scanning ultrasonic beam and for moving the probe me- 
chanically is necessary. Therefore, from an operational 
view, a small and light two-dimensional probe is desired. 
As the scanning range is basically restricted by the com- 
position of the driving system, an arbitrary range cannot 
be scanned. Furthermore, the mechanical scanning 
mechanism causes abrasion. Therefore, the lifetime of 
the probe is short. 

[0005] The disadvantage of the second ultrasonic ap- 
paratus is further that only the fixedly selected transduc- 
er elements in the two-dimensional array are used for 
transmitting and receiving an ultrasonic beam with gim- 
let shape. Therefore, the region for correcting the three- 
dimensional data is narrow. In addition, an even trans- 
ducer element number used for transmitting and receiv- 



ing is specified as a part of 64x64, but necessarily of 
about 256. So a lot of cables connected to each element 
are needed. If the number of transducer elements for 
transmitting and receiving ultrasound is increasing, a lot 

s of beam forming circuits disposed on the main body of 
the diagnostic apparatus are also needed. 
[0006] Thus in view of the previously described sub- 
ject matter, the object of the present invention is to pro- 
vide a small and light ultrasonic probe that is able to scan 

10 an object three-dimensionally by transmitting and re- 
ceiving an ultrasonic beam but having a reduced 
number of cables for connecting the ultrasonic probe 
and the main body of the diagnostic apparatus and 
which two-dimensional array probe focus dynamically. 

15 [0007] In another embodiment of the present inven- 
tion a two-dimensional array probe is provided with is 
designed to easily contact the surface of the object to 
be examined. 

[0008] A further embodiment of the present invention 
20 provides an ultrasonic probe that is able to scan to the 
object to be examined three-dimensionally with an ul- 
trasonic beam without using a mechanical scanning, 
mechanism. 

[0009] In another embodiment of the present inven- 
25 tion, an ultrasonic probe is provided with which a three- 
dimensional image data can be acquired from a wide 
range of objects to be examined. 
[001 0] A further embodiment of the present invention 
provides an ultrasonic diagnostic apparatus designed 
30 that an operator is not influenced by the weight and the 
hardness of cables during operation. 
[0011] Furthermore, in another embodiment of the 
present invention the ultrasonic diagnostic apparatus is 
capable to transmit and receive an ultrasound with a 
35 two-dimensional array probe and has few beam forming 
circuits. 

[001 2] A further embodiment of the present invention 
provides an ultrasonic diagnostic apparatus, which ob- 
tains good quality images. 

40 

DISCLOSURE OF THE INVENTION 

[0013] In order to achieve the object, a first embodi- 
ment of the present invention comprises a plurality of 

45 transducer elements for transmitting and receiving an 
ultrasound, which are arrayed two-dimensionally and 
correct an ultrasonic signal. The plurality of transducer 
element is arrayed in one or two directions with convex 
shape to the transmitting direction of the ultrasound, 

so wherein the two directions are perpendicular to each 
other. In case the ultrasonic probe has a convex shape 
in both directions, the transducer elements arrangement 
is preferable a radial arrangement in both directions, or 
a radial arrangement in one direction and a parallel ar- 

55 rangement in the other direction. 

[0014] The ultrasonic probe of a further embodiment 
of the present invention has an element selecting switch - 
circuit for selectively switching arbitrary transducer ele- 
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ments for transmitting and receiving ultrasound. The 
switch circuit is arranged in the vicinity of the two-dimen- 
sional array transducer elements. Output lines of the el- 
ement selecting switch circuit are connected to each ar- 
rayed transducer element but the number of input lines 
is less than the number of the arrayed transducer ele- 
ments. 

[0015] In another embodiment of the present inven- 
tion, an arbitrary transducer element can be selected by 
a control signal transmitted to the element selecting 
switch circuit. Accordingly, a diameter with an arbitrary 
shape can be formed. In addition, the diameter can be 
moved by transmitting the control signal to the element 
selecting switch circuit. With the motion of the diameter, 
a three-dimensional scan of the interior of an object is 
possible. 

[0016] In another embodiment of the present inven- 
tion, an ultrasonic diagnostic apparatus comprises the 
ultrasonic probe with two-dimensionally arrayed minute 
transducer elements. The apparatus further includes an 
element selecting means for supplying data to select 
transducer elements transmitting and receiving ultra- 
sound from the array transducer of the ultrasonic probe, 
a means for supplying bundling data for bundling and 
connecting the selected transducer elements to a plu- 25 
rality of groups, a means for transmitting ultrasound to 
the object by applying a predetermined transmitting de- 
lay time to the bundled transducer element groups, a 
means for beam forming by receiving signals of the each 
bundled transducer groups, a means for image process- 30 
ing an output signal of this beam forming means, and 
an image display means. 

[0017] In this embodiment the transducer elements 
are bundled to a plurality of groups and form a fresnel 
ring having a concentric circle. The ring is designed that 35 
the difference between a maximum and a minimum dis- 
tance between the transducer elements in each ring 
forming the fresnel ring and the ultrasonic focus point, 
is less than 1/8 wavelength of the ultrasound. 
[001 8] In another embodiment of the ultrasonic diag- *o 
nostic apparatus, the form of the fresnel ring is not 
changed during receiving an echo signal. Further, a 
means for controlling the beam forming circuit corre- 
sponding to the received signal of each ring is com- 
prised for moving the receiving focus point continuously *5 
on the center axis line of the fresnel ring. Furthermore, 
the embodiment of the apparatus comprises a means 
for changing the form of the fresnel ring corresponding 
to the depth of the receiving focus point, a means for 
ultrasonic scanning the predetermined depth region of so 
the object with each form of the fresnel ring, and a 
means for composing an image from an echo signal ac- 
quired at each depth region. 

[0019] Moreover, an other embodiment of the ultra- 
sonic diagnostic apparatus preferably comprises a two- ss 
dimensional array probe for transmitting and receiving 
ultrasound, a main body of the diagnostic apparatus for 
acquiring and displaying an ultrasonic image for the di- 



agnosis of a part in the object's interior by using an ul- 
trasonic signal corrected with the two-dimensional array 
probe, and a data transmitting part for transmitting se- 
lecting data for transducer elements and the corrected 
5 ultrasonic signal from one direction to another between 
the two-dimensional array ultrasonic probe and the main 
body. 

BRIEF DESCRIPTION OF THE DRAWING 

10 

[0020] Fig. 1 is a perspective view showing an embod- 
iment of an ultrasonic probe of the present invention for 
showing the interior structure of it. 
[0021] Fig.2 is a perspective view showing the struc- 
15 ture of one line of the transducer elements in the longi- 
tudinal direction. 

[0022] Fig. 3 shows a plurality of the transducer ele- 
ments of Fig. 1 arranged in longitudinal direction. 
[0023] Fig.4 shows a plurality of the transducer ele- 
20 ments of Fig. 1 arranged in transversal direction. 

[0024] Fig. 5 is a view showing the outline of the ele- 
ment selecting switch circuit combined in the two- di- 
mensional probe of Fig.1. 

[0025] Fig.6 is a perspective view showing the interior 
structure of a modified example of the two-dimensional 
ultrasonic probe of the present invention. 
[0026] Fig. 7 is a block diagram showing an embodi- 
ment of an ultrasonic diagnostic apparatus of the 
present invention. 

[0027] Fig. 8 is a view showing a use embodiment of 
ultrasonic diagnostic apparatus shown in Fig. 7. 
[0028] Fig. 9 is an operation diagram for scanning the 
object three-dimensionally with an ultrasonic beam with 
selected diameter. 

[0029] Fig. 1 0 is a view showing a fresnel bundled con- 
nection of the probe and a delay circuit. 
[0030] Fig. 11 is a view showing an ultrasound trans- 
mitted by fresnel bundling. 

[0031] Fig. 12 is a view showing an ultrasound re- 
ceived by fresnel bundling. 

[0032] Fig.1 3 is a beam simulation view for the effec- 
tiveness of the fresnel bundling in the present invention. 

THE BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0033] Hereinafter embodiments of the present inven- 
tion will be described in detail referring to the attached 
figure. 

[0034] Fig. 1 is a perspective view showing an embod- 
iment of an ultrasonic probe of the present invention. 
The ultrasonic probe comprises a plurality of transducer 
elements arranged two-dimensionally for transmitting 
and receiving ultrasound to an object to be examined. 
In the ultrasonic probe, the plurality of transducer ele- 
ments 1 , for example 12,488 elements, are arranged in 
longitudinal direction (X direction) and in transversal di- 
rection (Y direction) with 196 x 64 elements, or 6,244 
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of the fresnel ring need not be changed. This is a char- 
acteristic of the present invention. The element bundling 
in the processing of received signal is not needed. So 
both - fresnel bundling and receiving dynamic focusing 
- can.be performed. Moreover, the receiving dynamic 
focus can easily be performed. 



Claims 

1. An ultrasonic probe having a plurality of transducer 
elements arranged two-dimensionally for transmit- 
ting and receiving ultrasound, wherein said plurality 
of transducer elements is arranged with convex 
shape in two directions being perpendicular to each 
other relative to the ultrasound transmitting direc- 
tion. 

2. The ultrasonic probe of claim 1 , wherein an element 
selecting switch circuit for selecting an arbitrary 
transducer element is disposed in the vicinity of said 
two-dimensionally arranged transducer elements 
for performing the transmitting and receiving of ul- 
trasound. 

3. The ultrasonic probe of claim 2, wherein said ele- 
ment selecting switch circuit has output lines for 
connecting each transducer element, input lines 
wherein the number of input lines is less than the 
total number of arranged transducer elements, and 
a control line for inputting a control signal for per- 
forming a transducer selecting change. 

4. The ultrasonic probe of claim 2, wherein a control 
signal given to said element selecting switch circuit 
selects an arbitrary element from a transducer ele- 
ments array to form a diameter of transmitted and 
received ultrasound, and this diameter is movable 
to an arbitrary position at each ultrasound transmit- 
ting and receiving cycle. 
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8. The ultrasonic probe of claim 1 , wherein the two- 
dimensionally arrayed transducer elements are ar- 
rayed radially in one direction, and parallel along the 
center axis of a circle in the other direction. 

9. The ultrasonic probe of claim 8, wherein an ultra- 
sound transmitting and receiving face of the trans- 
ducer elements is arrayed convexly and radially 
with a diameter of 60mm and a circular angle of 
about 68 degrees. 

10. An ultrasonic probe having a plurality of transducer 
elements for transmitting and receiving ultrasound 
In two directions, wherein said plurality of transduc- 
er elements is arrayed convexly to the ultrasound 
transmitting direction at least in one direction of the 
two dimensional array or another direction perpen- 
dicular to said direction of the two dimensional di- 
rection. 
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The ultrasonic probe of claim 4, wherein said diam- 
eter is moved in two directions of the two-dimen- 
sional array of transducer elements in a predeter- 
mined order. 45 

The ultrasonic probe of claim 1, wherein the two- 
dimensionally arranged transducer elements are 
arrayed radially in one and the other direction of the 
arrangement. so 

The ultrasonic probe of claim 6, wherein an ultra- 
sonic transmitting and receiving face of the trans- 
ducer elements is formed convexly and radially with 
a radius of 60mm and a circular angle of about 68 55 
degrees in one direction of the arrangement, and in 
the other direction with a radius of 32 mm and a cir- 
cular angle of about 48 degrees. 



11. The ultrasonic probe of claim 10, wherein a switch 
circuit for selecting a transducer element from said 
two-dimensional arrayed transducer elements is 
disposed to form an ultrasound transmitting and re- 
ceiving diameter which is smaller than the length of 
both sides of the two-dimensional arrangement. 

12. An ultrasonic diagnostic apparatus comprising; 

an ultrasonic probe with two-dimensionally ar- 
rayed minute ultrasonic transducer elements, 
an element selecting means for selecting trans- 
ducer elements to perform the transmitting and 
receiving of ultrasound from a transducer of 
said elements array ultrasonic probe, 
means for supplying bundling data to said ele- 
ment selecting means for bundling and con- 
necting transducer elements to a plurality of 
groups, 

means for transmitting ultrasound to an object 
with a predetermined transmitting delay time for 
each bundling connected transducer element 
group, 

means for beam forming each receiving signal 
output from said bundling connected transduc- 
er element group, 

means for image processing an output signal 
of the beam forming means, and an image dis- 
play means. 

13. The ultrasonic diagnostic apparatus of claim 12, 
wherein the plurality of bundling connected trans- 
ducer element groups form a fresnel ring of concen- 
tric circle. 

14. The ultrasonic diagnostic apparatus of claim 13, 
wherein the difference of a maximum and a mini- 
mum of the distance between the transducer ele- 
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. ments forming a fresnel ring in each ring and an ul- 
trasonic focus point is less than 1 / 8 wave length 
of ultrasound. 

15. The ultrasonic diagnostic apparatus of claim 13, 
wherein the means for controlling said beam form- 
ing circuit is composed to receive a signal of each 
ring such that the receiving focus point is moved 
continuously on the center line of the fresne! rings 
without changing the form of said fresnel ring in the 
receiving period of an echo signal. 

16. The ultrasonic diagnostic apparatus of claim 13, 
wherein a means for changing the form of said fres- 
nel ring corresponding to the depth of receiving fo- 

• cus point is provided. 

17. The ultrasonic diagnostic apparatus of claim 16, 
wherein a means for scanning the predetermined 
region of depth within the object at each form of said 20 
fresnel ring, and for composing an image from an 
echo signal acquired at each region of depth is pro- 
vided. 

18. An ultrasonic diagnostic apparatus comprising; 25 

a two-dimensional array ultrasonic probe for 
transmitting and receiving ultrasound to an ob- 
ject, 

a main body of a diagnostic apparatus for ac- 30 
quiring and displaying an ultrasonic image of a 
diagnosis part in the interior of the object by us- 
ing an ultrasonic signal corrected with said two- 
dimensional array probe, 

a data transmitting part for transmitting a se- 35 
lecting data of transducer elements and the cor- 
rected ultrasonic signal between said two-di- 
mensional array ultrasonic probe and said main 
body, and for connecting the probe and the 
main body. 40 
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